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TWO STAGE GASIFICATION : EFFECT OF HYDRDPYHOLYSIS CONDITIONS 

G. S k o d r a s  and G.P. S a k e 1  l a r o p o u l o s  
~ c p a r l r m e n l  of C h e m i c a l  E r i g l n e e r i n g  a n d  

Clici i i ical  Process Erigi  n e e r i n g  R e s e a r c h  l r i s t i t u t e  
Ar i r; L u L  l e  U i i i  vers i Ly of T h e s s a  1 o n i  k i  

' r l i e s s a l u n i k i ,  Greece 54006 

sunnnw 
Two-c l . age  h y d r o p y r u l y s i s  and C 0 2  g a s i f i c a t i o n  h a s  b e e n  i n v e s -  

t i ga1 . c .d  w i t h  GI eek l i g n i t e  a l  v a r i o u s  t e m p e r a t u r e s  a n d  r e s i d e n c e  
L I i n r a  i n  u i d e c  tti i i i d r i i t i f y  o p t i m a l  c o n d i  t i o n s  f o r  s w i t c h i n g  b e t w e e n  
t h e  two s l r p s . 0 p t  i m a l  i t y  w a s  b a s r d  o n  carlrori c o n v e r s i o n  a n d  p r o d u c t  
fuir-m:at loi i .Such up t in ium c t j i i d i  t i o r i s  a r e  o b t a i n e d  f o r  h y d r o c h a r i n g  a t  
900°C f o r  2 1 . t~  5 imin R I I ~  : ; u t , s e q u e n t  CO, g a s i f i c a C i o n  of t h e  r e s u l t i n g  
cl8at.s 31. 9 0 0 ° C  a i ~ d  10 s i i r i .  

' I NTRODIICT I IIN 
H y i 1 r o g n s i F i t : a t i o i i  i s  a r e l a t i v e l y  slow p r o c e s s  C 1 . 2 1 ,  w i t h  most 

h y d i r ~ c a r b o n r :  f c i rmrd  i n  t l i e  e a l r y  h y d r o p y r o l y s i s  s t e p  L 2 . 3 l . C a r b o n  
J I u ~ i i l e  g a s i f i , : a t . i o i i  of c h a r s  i s  f a s t e r  t h a n  h y d r o g a s i f i c a t i o n  a n d  
nari i m p r o v e  c o n v e r s i u n  a n d  c a r b u n  a i o a  u t i l i z a t i o n .  C l i a r  g a s i f i c a t i o n  
I n  CO, haii b e e t i  i n v P s t i g a t e ~ i  w i t h  r e s p e c t  t o  c a r b o n  r e a c t i v i t y  C4,51, 
k i i l e t i c  b e h a v i o r  [ G I .  a n d  p r o i n o t i o n  b y  c a t a l y s i s C 7 1 . H o w e v e r ,  most 
c h a ? s  used i n  C 0 2  g a s i f i c a t i o n  h a v e  b e e n  p r e p a r e d ,  a l m o s t  e x -  
c l u s i v e l y ,  i n  r i o n - i e a c L i v e  a t i i i o s p h e r e s ,  s u c h  as N, or tle C 4 - 6 1 . L i t t l e  
I s  k i i u w i i  almi.iL L l t a  r f l e c t  o f  t h e  i n i t i a l  c h a r r i n g  s t e p  ( p y r o l y s i s  o r  
1 i y i l i o p y r . o l y r ; i s )  on t h e  r e a c t i v i 1 . y  i n  t h e  s e c o n d  s t a g e  a n d  o n  t o t a l  
c n r b u i r  u o i i v e r s i o i i  a n d  g a s e o u s  p r o d u c t  f o r m a t i o n .  

111 t , h i s  w o r k  G r e e k  l i g n i t e  was g a s i f i e d  i n  a r e a c t i v e  h y d r o g e n  a t -  
IIIUI:~IIF?CM >nil s u b : ; e q i i e n t l y  i n  C 0 2 .  t o  e x p l o r e  1 i g n i t e  b e h a v i o r  u n d e r  
t w o  s L a g a ,  a n i l ~ i r n t  p r e s s u r e  g a s i f i c a t i o n . T h e  e f f e c t  of  t e m p e r a t u r e  
aivl S U I  i l l  r e s i d e n c e  time i n  e a c h  s t a g e  o n  t o t a l  c a r b o n  c o n v e r s i o n  
a n d  on g a s e o u w  p r o d u c t .  y i e l d s  a n d  s e l e c t i v i t y  was s t u d i e d .  

EXPERIMENTAL 
G r e e k  1 l g n l t e  f i . o i n  t h e  P I . u l e m a i s  r e s e r v e  ( & I O s  t )  w a s  u s e d ,  

w i t h  p n r C i c ; l e r ;  i n  l t i e  r a n g e  of 150 t o  250 p . T h i s  l i g n i t e  i s  h i g h  i n  
c a l c i u m  carbo i ia ta  a s h  aiid h u m i d i t y  a n d  h a s  a v o l a t i l e s  c o n t e n t  o f  
47.1G16 ( o i l  d r y  b a s i s ) .  

Tlte g a s i f I c a L i u r i  tesl. r e a o t o t .  w a s  e q u i p p e d  w i t h  g a s  a n d  s o l i d s  
f e e d i n g  c o i i t r o l s  aiid w i t h  pi.urluct col I e c t i o r i  a n d  a n a l y s i s  d e v i c e s ,  
F l g .  1 . T l ~ e  I J - s h a p e  r e a c k u r  i l r s i g n  p e r m i t t e d  r a p i d  q u e n c h i n g  o f  t h e  
i r e a r : t u r ,  t l i u n .  h y r l i o p y r o l y s i s  01' C02 g a s i f i c a t i o n  r e a c t i o n s  c o u l d  b e  
i i i t r r r i ~ p L e d  a t  a l l y  desirable time. 

i . igi i i  t.e sninples w a v e  i r i i t  i a l  l y  I i y d r o p y r o l y z e d  (800OC o r  9 0 0 ° C .  a t  
2.  5 nut- 10 n i i r i )  aiid t h e  p r o d u c e d  c h a r s  w e r e  g a s i f i e d  u n d e r  a C O z  a t -  
m o s p h e v e  ( 8 0 0 ° C  OI' R O O O C ,  a t  up t o  15 m i n ) . G a s e o u s  p r o d u c t s  w e r e  c o l -  
IecLed i n  b o t l i  s t a g e s ,  a n d  were a n a l y z e d  m a i n l y  f o r  CH. a n d  CO b y  
G.C. (Val i a n  V i s t a  GOOO).Chnrs o b t a i n e d  i n  t h e  h y d r o p y r o l y s i s  a n d  t h e  
C O I  g a s i f t o a t i o n  s t e p  were a n a l y z e d  b y  a LECO C-H-N 800 a n a l y z e r ,  i n  
u r d e r  1st d e t e r m i n e  e l e n t e i i t a l  c o r n p o s i  t i u n s  a n d  c o n v e r s i o n s  i n  e a c h  
5:E-p. 

RESULTS AND DISCUSSION 
D t i r l n g  tlle f i r e t .  s t . a g c  ( h y d r o p y r o l y s i s ) ,  t h e  d e v o l a t . i l  i z a t i o n  a n d  

hydrc t c i . ac l : i ng  r e a c t i o n s  w h i c h  take p l a c e  C3,Ell c a u s e  s i g n i f i c a n t  
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w e i g h t  Ic ts : ; .On a d r y  a n d  a s h  f r e e  h a s i s ,  w e i g h t  losses a r e  o f  t h e  or- 
del. o f  62% a t  QOO'C. r e a c l n l n  a b o u t  67%.at.90OaC a n d  l o n g  r e s l d e n c e  
t i m e s . z i i i c e  tbIe i n i t i a l  v i l l a t i y e  m a t t e r  o r  I i g n i t r  i s  87% w / w  GI1 a 
ilr:v b a a i ! ~ .  d e v o l ~ t l  l i z a t i i r n  appears t o  b e  t h e  m a i i i  r e e c t i o n  d u r i n g  
t l k i s  f i s  $:t r : t ixge  1 3 . 8 . 9 I . T l , e  I t e t e r u g e n e o u s  c a r b u n - h y d r o g e n  gaS-3ol i d  
r - e h r t l o n  b a ~ , . ~ i n e s  s i g n i ~ l c a n l  o n l y  at. l o n g e r  so l  i d  r e s i d e n c e  t imes  
( : - I O  i n i n ) .  

M e t h a n e .  Cn a n d  COI a r e  t h e  m a i n  g a s e o u s  p r o d u c t s  d u r i n g  t h i s  
f i r . s t  stage. T a b l e s  i a n d  2.Maximum CH. f o r m a t i o n  i s  o b s e r v e d  a t  
R O O ' C  and 10 m l n ,  v i a  I h e  h e t e r o g e n e o u s  h y d r o g e n - c a r b o n  g a s - s o l  i d  
r e a c t i o n .  1 1 1  c o n t r a s t ,  CptCO; y i e l d s  a r e  less a f f e c t e d  b y  t h e  
t t y d r o p y r o l y s i s  r e s i d e n c e  t i n i e .  s ir ice t h e s e  a r e  p r o d u c t s  o f  
h y d r u p y r o l y s i s  a n d  h y d r o c r a c k i n g  r e a c t i o n s  d u r i n g  t h e  i n i t i a l  2 m i n  
u f  p y r o l y s i s . T h r  y i e l d  of CO, h o w e v e r ,  i n c r e a s e s  a p p r e c i a b l y  ( a b o u t  
6 0 % )  w i t h  t e i i i p e r a t u r e .  f r o m  800°C t o  900 'C.  w h i l e  t h a t  o f  COX d r o p s  
t.c> a b o u t  o i i e  t h i r i l ,  due t u  e n h a c e m e n l  o f  t h e  C02 r e d u c t i o n  t o  CO i n  a 
HI atniosptia!re [ S l . O t t l r r  h y c l P o c a r b o n S  (C2HI  .C.HI e t c )  a r e  also 
pi 'oduced 1 1 1  .;mall c l u a l i t l l i e s  ( 1  t o  1 2  c c / g  l i g n .  daf), T a b l e  1 a n d  2.  

I n  u r d e r  t o  e v a l u a t e  t h e  s i g n i f i c a n c e  of each p r o d u c t  a t  t h e  
v a r l , > u o  o r i n d l  t.ionLi t e s t e d  a " s e l e c t i v t t y  i n d e x "  h a s  b e e n  u s e d ,  s h o w n  
i n  TaLrle 1 sild 2.To c a l c u l a t e  t h e  s e l e c t i v i t y  o f  t h e  g a s e o u s  
p i . tSduc te ,  ot .hnl-  h i g h e r  i n o l e c u l a r  w e i g h t  p r o d u c t s  h a v e  b e e n  a s s u m e d  t o  
b e  i n s i g r i i f i c a n t  c o m p a r e d  t o  C0,CO. ,CH, .C2H. a n d  C.H.. I n c r e a s e  o f  
SUI  I d  r e s i d e n ~ : e  tline a t  law h y d r o p y r o l y s i s  t e m p e r a t u r e  ( 8 O O ' C )  a l m o s t  
~ l ~ : ~ i . i l . ~ l ~ s  the CH, " s e l e c t i v i t y  i n d e x "  (8.1516 a t  2 m i n .  a n d  15.7% a t  10 
m i n J .  T a b l e  1 . S i m i I a 1 ~  b e h a v i o r  i s  also e x h i b i t e d  b y  CO s e l e c t i v i t y  
f i ~  1' t .emper  a t.u res .  1 n c o n  t r as  t , se 1 ec t i v i t y 
J e c i - r a s e : ;  wi L l i  a n  i r t c . r a a s e  o f  h y d r o p y r o l y s i s  t i m e  a n d  t e m p e r a t u r e .  
T t l i s  is p x r t i c u l a f  l y  e v i d e n t  b y  t h e  r e l a t i v e  s e l e c t i v i t y  o f  CO a n d  
COS tzx1jres::et.l as Lhe I . a t i o  CU/Cfl,, T a b l e s  1 a n d  2 . T h u s .  h i g h  T a n d  
I c i n g  L i m e s  m i n i m i z e  CCll f o r m a t i o n  w h i l e  total (CO+CO. )  , s e l e c t i v i t y  
d e c r e a s e s  s o m e w h a t .  

TI!? e l e i i i e i ~ I . c ~ l  a n a l y s e s  U I  c h a r s  p r e p a r e d  a t  8 0 0 - C  a n d  2 . 5  or 10 
ntin :.how 1 . I i a l  e l e m e n t a l  carbon c o n v e r s i o n  i s  r a t h e r  low i n  t h i s  
s t a g e ,  T : ~ b l e  3 .  I n c r e a s e  o f  h y d r o p y r o l y s i s  t e m p e r a t u r e  t o  9OO'C i m -  
p r o v e s  t h e  e l e i i i e n C a l  c a r b o n  c o n v e r s i o n ,  w h i c h  r e a c h e s  51.5% f o r  10 
m l n  S U I  I d  rrslcleiice t l m e .  T a b l e  3 . T h i s  i m p r o v e m e n t  r e s u l t s  f r o m  en -  
t i aaen len t  o f  t h e  d e v o l a t  i 1 i i a t i o n  a n d  h y d r o c r a c k i n g  r e a c t i o n s  w i t h  
1 e n l p e r a t u i . e .  E I e n i e n L a I  H a n d  0 c o i ~ v e r s l u n s ,  a r e  i n  a l l  cases h i g h  
( 8 4 - 3 C %  w / w ) .  T a b l e  3 . T l i u 3 ,  d u r i n g  h y d r o p y r o l y s i s ,  c l e a v a g e  of o x y g e n  
c o n t a i n i n g  g r o u p s  u c c u r s .  111 t .he same p e r i o d ,  c l e a v a g e  a n d  r e l e a s e  o f  
a1 i p t i a t i c  and a r o m a t i c  yrrrups take p l a c e  C81, r e s u l t i n g  i n  h i g h  
h y d r o g e n  c o n v e r s i o n  ( 8 4 - 9 G X  u / w ) . T h e  c h a r s  f o r m e d  are .  h e n c e ,  r i c h  i n  . 
c a r b m  a n d  ash. 

I n  t h e  n e c o n d  s t a g e ,  t h e  c a r b o n - c a r b o n  d i o x i d e  g a s - s o l  i d  r e a c t i o n  
is  p r a c t i c a l l y  t h e  o n l y  o n e  t a k i n g  p l a c e ,  s i n c e  t h e  v o l a t i l e  m a t t e r .  
ha:? b e e n  a lmost  c o m p l e t e l y  r e m o v e d  d u r i n g  h y d r o p y r o l y s i s  1 8 . 9 1 .  
T r a c e s  o f  h y d r o c a r b o n s  d e t e a t e d  i n  t t l i s  s t a g e ,  come f r o m  r e s l d u a l  
v o l a l i  l e s  of t h e  o r i g i n a l  l i g n i t e .  

C o n v e r s i o n  of u r g a n i c  matter ( e s s e n t i a l l y  C - c o n v e r s i o n )  I n  t h e  
s e c o n d  S t a g e  d e p e n d s  o n  t h e  h l s L o r y  of t h e  c h a r  a n d  o n  t h e  c o n d i t i o n s  
of CO, g a s i f i c a t i o n ,  i e  t e n i p a r a t u r e  a n d  r e s i d e n c e  t ime. I n c r e a s e  of 
t h e  S U I  i d s  r e s i d e n c e  t ime a t  low t e m p e r a t u r e  ( 8 O O o C )  h y d r o p y r o l y s i s ,  
i l i c r e a m e s  c u r l v e r s i o n  i n  t h e  s e c u n d  s t a g e ,  F i g  2 . I n  c o n t r a s t ,  a t  h i g h  

b u  t h h y  d ri.i p y  r LI I y s  i s CO, 
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hydropyrolysis t.amperature -(9OO'C) and s o l  id residence time. conver- 
sion in COS gasification decreases, F i g s  2 and 3.Thus, chars prepared 
b y  h y c l r - o p y r o ~ y s i s  6t low T and residence time LU00mC/2-5 minl yield 
2'2% C-~t>i)*~ersloi~ when gasliied In COS at 8 0 0 ° C  and 5 min, Fig 2 . A s  
the residence time in hydropyrolysis stage increases, more active 
sltes ale formed 111 the char, capable of further reaction with CO,, 
thereby increasing C-cunversion, Fig 2 , 3 . F o r  the same hydropyrolysis 
char. coi~version increases by 20 t.o 30% with increasing residence 
time in CO, gasification. 

Sin11 lar hrl~nvlor is also exhibited by hydrochars prepared at YOO'C 
However, COz --gasif icalion of these chars yields lower conversions in 
the second s l n g e ,  a s  compared witli chars prepared at 0 0 0 ° C  and 10 
m i t i .  Fig 2,3.Cunvei.sion in COI gasificalion decreases further with an 
increase 114 I~y~Jr~lpyrolysis sol id residence time, f o r  chars prepared 
a t  900°C.  F i g  2.Tliis is probably due to active site deactivation, oc- 
ciiring a t  Ioigh ltydropyrolysis temperatures (900°C) and long residence 
times,l10-121 cf Fig 2.3 . 

Formatioil of CH. and other hydrocarbons practical ly s.tops during 
C02 gasification of the cliars.Hydropyrolysis chars react in the 
Hecund sl:age acct~rding to the Boudouard reaction, and produce CO 
which is the main gaseuus product. Figs 4 and 5.We should note here 
Chat second-stage prriduct yields are presented per gram of initial 
1 iqiiile ( c l a f ) .  permiting direct comparison of yields between the two 
s C a g r s .  h r b o ~ )  rnoiioxide formation in the second stage, improves with 
hydruc1mr.r; oLtl;*ii'ied at. O O O ° C  ani1 l u n g  residence time, Fig 4 and 5. 
Hn,wever. ~:li.irs prepared at 9OO'C and lung residence times yield low 
C O  pruduct by CO. gasificaLion, Fig 4 and 5 ,  due t o  active site deac- 
tivakioia uin~ler such condil.iuns.Ttieso results are in good agreement 
with Llie ubssrvad C-curiverr;ions discussed previous1 y. Such agreement 
sl~uuld be aiiticipated since C O  is furmed by char reaction with COI i n  
tlle svc :uI id  stage. 

Eleniental- carbun uoiiversion t o f  CO, gasification c h a r s  at 800-C .or 
900'C and 5 iuin residence time, is rather low and ,incomplet.e (29 -46% 
w/w), F i g  6 .T I le  increase o r  secuiid slage solid residence time im- 
proves elainrntal C-convei'sion f a r  both C02 -'gasif icatiori temperatures 
(000°C & 9 0 0 ° C ) .  Fig 6. I t  should be noted here that second stage 
elemental C-conversioii values at 900°C are higher than at ROO'C, Fig 
6 ,  ,Jut? tu enl~acenienl o f  the Boudouard reaction rate with increasing 
Len1 pe r a t u  1' e .  

Similar to weight l o s s ,  elemental C-conversion in the second stage 
clep~~ncls on tlpe history 0 1  the char, ie hydropyrolysis temperature and 
residence time. Increase of the solid residence time at low tempera- 
ture (800°C) I~ydrc~pyro1:isis. inci-eases elemental carbon conversion in 
the 5econd stage, Fig G .  In contrast, at high hydropyrolysis tempera- 
t . u r e  (900°C). arid long solid residence time, second slage elemental 
C-~t~nversiun decreases, Fig 6.This behavior is in agreemen1 with the 
p I I  e v i ous I y a c ti v e h i g h 
11 y aJ ropy r CI I y ii i s t e in 1' R r a t. u r e ~i a 1'1 d t i me s . 

Fvom 2-5 i t  is apparent that an optimum hydropyrolysls iem- 
pernture and residence time shoulrJ exist, which. combined with CO. 
g a r : i f  icoliun. leads t . u  maximum carbon conversiun.The optimum c o r -  
t - e : ~ p o i ~ d s  I,> hydrogasification al 900OC a n d  2 to 5 min.Thus, a 
hydropyrolysis c h a r .  obtained at 9 O O - C / 2  min. reacted with COP at 
13110°C and 10 m i l l ,  gives )i maximum total carbon conversiun of about 

d i 5 cu B s. e d car bun d ea c t i vat i on a t 

F i g s  
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8016.For CO,  g a s i f i c a t i o n  a t  9 O O ' C  a n d  10 m i r i  t o t a l  C - c o n v e r s i o n  
reaches BOX.  A t  o t h n r  t r ? m p e r a t , i r . e s  ant1 r e s i d e n e  L i m e s ,  o v e r a l  I c o n v e r -  
:;:oils : t i e  ~ u i n r w h a t  luwer ( E t i - B G X ! .  .it l o n g e r  L i m e s  (15-20 m l n ) .  

, . e *u l i . s  r i u g y e e t  t 1 , a t  I ~ ~ v d r u p y i u l y s i s  a t  S00oC a n d  2 t o  5 m l i i  
s rnol'e a r ; t l v e  s i  l.es i n  t h e  l i g n i t e  m a t r i x  t h a n  h y l l r u p y r o l y S i S  

:,t [jrit)oi: r r ~ :  I.I,,: %;$me c e : i I r l e n c e  Lime. resul l i n g  I n  I ~ l g h e r  s e c u n d - s t a g e  
~ : I ~ i t i  C : L I I I V I I . I ~ ~ ~ I ~ ~ . ~ ~ L I W ~ \ ' ~ ~ . .  p r o l u i i g a t  i o n  o f  t h e  r e s i d e n c e  t i m e  (10 m i n l  .. t i n  
tlak s e c o n ~ l  s t a g e ,  F i g  2 .T l i i i s .  Loi.al  C - c o n v e r . s i u n  of  h y d r o c h a r s  
~ t r h p a r e s l  a t  R O O - C / t O  iiiin i s  4 ;on ipa rab le  t o  t h a t  o f  c h a r s  o b t a i n e d  a t  
BOO"C/2 uiiii.Tlhis: i n d i c a t e s  t l i a t  s i n i i  l a r  a n i o u n t s  o f  a c t i v e  sites e x i s t  
l i i  tltr' I iGtll t e  i m 3 t t ~ i m  O P  t . h e s e  l .wu  clqars. f u r t h e r  s u p p o r t i n g  t h e  n o -  
l i u i i  v f  d e a c L i v a t i o n  a t  t ~ i g h  h y d r o p y r o l y s i s  t e m p e r a t u r e  a n d  l o n g  
t. i 111 e . 

Tlte .aht-rve co inmei i t s  uii u p t i i n a l i t y  a r e  b a s e d  s o l e l y  o n  t o t a l  c a r b o n  
~ : c ! i i v c ~ ~ : ;  i u n . H n w e v e r ,  s e I e c t . i c ~ n  cmi o p t i m u m  o p e r ' a t . i n g  c u r i d i t i o n s  s h u u l d  
a l s o  t.al<e i n t o  aucsiuiit t h e  y i e l d s  of g a s e o u s  p r o d u c l s . T h u s .  maximum 
CH.  j p r o r l u c t i o n  i s  o b s e i . v e d  f o r  s a i i i p l e s  h y c l r i i p y r o l y z e d  at 9 0 0 ° C  a n d  10 
mi$-&.  Thi:;  ina.<ieitini s l r o u l d  b p  a l i t i c i p a t e d .  s i n c e  CH, f o r m a t i o n  v i a  t h e  
l i e  1 P I  (.I 6 eiit i u s  g e n  gas -80 I i cl reac t i CI n b e c o m e s  s i g n  i f i c a i i  t 
f c r i  h i i t :  l i y , J ~ ~ , l ~ y r , : , l y ~ ~ i s  t imcs .Max in iun i  C O  p r o d u c L i o n  i s  o b s e r v e d  f o r  
c : t i a i . s  t tyclr-opyi 'oly;ed a t  9 0 0 ° C  and 2 niin a n d  s u h s e q u e n t l y  g a s i f i e d  i n  
Ct3, al. QOO°C: a n d  1 0  m i i i  ( a b o u t  1700 c a n '  CO/g l i g n i t e  d a f ) . M a x i i n u m  t o -  
La1 c : a ~ . b o n  c o n v e r s i o n  (97.8% w / ~ )  i s  a l s o  o b s e r v e d  a t  t h e s e  c o n d i -  
I. I * . ' l i s .  T I  ,115 , ,313 L i in? i i i i  CaJ i i r l  i t i o i l s  f u r  ca rboi i  ccoiive r s i 011 c o  i t i c  i d e  w i t h 
t h e s e  l o r  C.0 f o r n i ; ; . t i i o i . H i . ~ w e v e r .  monimurn CH. p r o d u c t i u n  a p p e a r s  a t  
soinewltat  J i  l f e r e i ~ t  c o n d i t i o n s .  

I ,,we i I i yd  I opy i I) 1 y s i s t e m p e  c a L u L' e ( 000- C ) i inpr o v e s  C - c o r i v e  r s i o n  

(.:a I .  tio t i  -. t i  ycl 
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Table 1 : Total gaseous products during hydropyrolysis at 8OO'C 

Product 

cn' Ig lignite d.a.1. i I 
BOO'C12 0in 1 8 O O W 5  iin 800*C110 nin 

128.0 

COlCO, 

Product 

39. I 139.0 

0.8 

cm' I g  lignite d.a.I.  * 

900'612 pin 9OO'C15 iin 9OO'CllO min 

0.8 

;electivityilJ 

54.3 
26.2 
80.5 

Yield SelectivityilJ 

Table 2 : Total gaseous products during hydropyrolysis at 9OO'C 

Sample 
Code 

Char Conposition Il wlul Elemental conversion iCiH ulb 
TemplTine Ueight loss- 
I°C,minl 1% u l w )  C 

306.0 

COICO, 

Selectivityll) \Yield 

17.9 
85.6 
3.8 

80.0 
41.1 

4.2 1 1 7.1 1 
I 1  1 

Table 3 : Conposition and conversion of hydropyrolysis chars 

90012 

900110 

- 
H 

1.21 
0.93 
1.22 
0.42 
0.51 
0.44 

- 

- 
i 

1931 



PI : Pressure Indicator 
TI : Temperature Indicator 
BM : Bubble Meter 
FH : Fluu Meter 

UTCn : Vel Test Gas Heter 
U 

F1giir.r I : Flow dlagrnm of a rapid quenching easificatlon 
system. 

0 2 A 0 0 10 12 

~irst-stiree reslderice time, m111. 

Flgi lre  2 : Effecl of hydropyrolysis temperature and residence 
Lime un weight l u s s  during CO, gasif ioation. Open polrits: 
hydropyrolysis at OOOOC; cloned p o i n l s :  hydropyrolysis at 
Y00"C. CO. gar;ifiuation: 0 e : 0 0 O 0 C / 5  m l n .  A A :OOO°C/10 min. 
11 : I)OO"C/5 m l i i ,  v 'I : O O O " C / l O  min. 
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Figure 3 : E f f e c t  uf hydropyrolysis temperature and resldence 
L l n i e  oii lu ta l  w e i g h 1  loss. Open points: hydropyrolysis at 
000°C; closod points: hydropyrolysis at YOOOC. C O ,  
g i i ~ ? I T I c i i L l i i n : o  : UOV"C/G min. A A :OOO°C/10 m i n i ,  rn : YOoOC/5 
min,  v v : 900°C/10 i s i n .  

C 

0 
.: 1 . G  
w CO. gaslf lcatiori 

0 OOO"C/G min 
A A 0oO~C/IO mln 

t 0 U - 
9 0 . 0  I 

s- 0 2 4 G 0 10 12 0 

l I l l l 1 1 1 l  

1:irs:t residence time, mln. 

Plgure 4 : EIfecL of hydropyrolysis temperature and residence 
time on t o t a l  CO produclioii. durivig C 0 2  gasiricntion a t  OOO°C. 
Open poI111s: hydropyrolysli at OOO°C: closed points: 
IIYdl'UPYPtJl YSiS a!. >~oo"c.  
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F I  r s L  -r.L:rCo residwiice time, min. 

I; igure 5 : Effecl. of Iiydropyrolysie temperature and residence 
L i m e  oii  L o l a 1  CO produc l . iu i t ,  d u r i n g  CO, gasifiuaLion at 900OC. 
Oprii l i t ~ i i i t  z i :  f,yilropyroly:;is n t  f 1 0 O o C ;  closed poinls: 
IiyiJ~tipyi~~~l yr; is at. L)OO°C. 

.- 
2 4 0 0 10 12 0 

FlrsL-slage residence Lime, min. 

F i g u r e  0 : Effect of hydropyrolysis temperature and residence 
Lime OII elenienlnl C-conversion during CO gasification. Open 
pri1tiLs: tiydropyro I y o  n ~ .  OOOOC; o losed  &inter  t i y ~ i ~ o ~ i y r ' o ~ y s i s  

i n i n . 0  : 90OoC/5 m i n ,  v T : LIOO°C/10 min. 
R I .  000OC. CUI (lUSiflC~l.ltJn: 0 0 : OOO°C/5 mln. A A : t )0O0C/1O 
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